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~these Issues are drawn for a computer—based coaching system for a simple ~g.une——How the West was Won . Our intention in writing this paper is to make
t x p l l t t  the v~lst amounts of tutorial knowl edge required to construc t
.~ ~.-oa~htng system that Is robust , friendi.y and intelligent enough to
survive In home or cL~ssroom use. During the past three years , we have
witnessed how subtle the computer-based coaching problem really is. We
hops. ’ t h is paper conveys some of these sub t l e t i e s——many of which con t inue
t o  resist general solution . -
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I
ABSTRACT

Computer—based tutoring/coaching systems have the promise of’ enhancing
the educational value of gaming environments by guiding a student’s
discovery learning . This paper provides an in—depth view of i) the

I philosophy behind such systems, ii) the kinds of diagnostic modeling
strategies requjred to infer a student’s shortcom ings from observing his
behavior and iii) the range of explicit tutorial strategies needed for
direct ing the Tutor to say the r ight  thing at the right t ime.  Examples of
game —— flow the West was Won. Our Intent ion in wr i t ing  this paper is toI 
these issues are drawn for a computer —ba sed coaching system for a simple
make explicit  the vast amounts of tutorial  knowledge required to construct
a coaching system that is robust , f r iendly  and in te l l igent  enough to
survive in home or classroom use . During the past three years we have

I witnessed how subtle the computer—based coaching problem r e a f ly  is.  Wehope this paper conveys some of these subtlet ies —— many of which cont inue
to resist general solution .
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I I
INTRODUCTION

I The revolution in personal computing will bring with it extensive use

of complex games . Students w ill play computer based games during much of

I their free time . These activities can provide rich , informal, env i ronmen ts
for learn ing. Games provide an enticing problem—s olving environment that a

I student explores at will , free to create his own ideas of underlying

structure and to invent his own strategies for utilizing his understanding

of this structure. Properly constructed games can lead to the formation of

strategies and knowledge structures that have general usefulness in other

I doma ins as well. However , a ma jor s tumbl ing b lock to the e f f e c t ive
educat ional use of unstructured gaming or open-ended problem-solving

env ironments is the amount of tutorial resources that are often required

( 1 ) to kee p the st ud en t from form ing gross ly  incor rec t  mo dels of t he
underly ing structure of the game/environment , (2) to help him see the

I limits of his strategies , and (3) to hel p h im di scover the causes of

manifested errors.

I One of the prere qu isites for a pro d uct ive in f o r m al learn ing
env i ronmen t is tha t  i t be ent ic ing to the student  by ena b l ing h im to

I control it. The student must have the freedom to make decisions (Incorrect

as well as correct ones) and observe their results. While a student’ s

incorrect decisions 3ometimes lead to erroneous results that he can

I Immediately detect , they o f t e n  produce sym ptoms t ha t  are beyon d h is a bi l it y
to recognize. For an informal environment to be fully effective as a

I learning activity, It  o f t en  m ust be au gmen ted by t u t o r ial gu idance t h a t
recognizes and explains weaknesses In the student’ s deci sions or sugges ts

I ideas when the student appears to have none. This Is a significant

challenge requ iring many of the skills analogous to those of a coach or

L laboratory instructor. The tutor or coach(1) must be perceptive enough to

make relevant comments but not so intrusive as to destroy the fun inherent

in the game . This paper presents one such coaching system (named WEST)

bu i l t  around the game “How the West was Won.” The system is examined as an

instance of a general paradigm , called “Issues and Examples ,” for bu ilding

such systems . Aspects of the system are examined to discover the

F (1) This usage of the term “coach” was originated by Goldstein (1977). We
1 originally conceived of this kind of tutorial resource as a congenial

“tutor” but the images evoked by the term “tutor ” have proven to be
inappropriate. In this paper we shall use “coach” to emphasize the
informal nature of the learning situation.

In -1-
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I
limitations of’ the central paradigm and to characterize a w ide var ie ty  of

I tutorial strategies that must be included to create a successful coaching

sys tem.

I CoachIng Instructional SYstems

I The pedagogical motivation underlying much of our coaching research

can be charac terized as “guided discovery learning. ” It assumes a

I 
constructivist position , In which the student constructs his new knowledge

from his existing knowledge. In this theory, the notion of misconception

or “bug ” plays a central role. Ideally, a student’s bug will cause an

I erroneous result that he will notice. If the student has enough i1~~ormation

to determine what caused the error and can correct it , then the bug is

I referred to as constructive. If , however , the student does not have

sufficient information to change his behavior as a result of the perceived

I error , the bug is termed nonoonstructive. One of the most important

aspects of a learning environment is the degree to which the mistakes that

a student makes are constructive (See Fischer , Brown , and Burton , ‘1978 for

further discussion.). From this point of view , one of the major tasks of a

coach Is to give the student additional information In order to transform

I nonconstructive bugs into constructive ones. An additional task for the

coach , in dealing with bugs tha t do not have easily observable

i manifestations , is to point out that something can be improved .(2)

A subtle requirement of this theory is that the coach not interfere

I too much . While the student is making mistakes in the environment he is

also experiencing the idea of learning from his mistakes and discovering

the means to recover from his mistakes. If’ the coach immediately points out

the student’ s errors , there is a real danger that the student will never

develop the necessary skills for examining his own behavior and looking for

I the causes of his own mistakes.

There are two major but related problems that must be solved by a

I computer coach. They are:

1) when to interrupt the student’ s problem solving activity, and

(2) In a recent paper on the educational implications of’ Piaget’s
H 

~. psychological theory , Groen has identified similar requirements. “A ch ild
will learn only if he extends the range of hypotheses he can generate and
modifies or eliminates the transformations that lead to false ones . Thus
it is part of the teacher ’s task to ensure that the child is aware oF
anomalies and counter—examples that result from his activities. ” (Green ,
1978)
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II
2) what to say once it has been interrupted .

In general , solut ions to th ese p ro b lems re qu ire tec hn iq ue s fo r determ in in g

wha t the student knows (procedures for constructing a diagnostic model ) as

I I well as explicit tutoring principles about interrupting and advising.

These , in turn , requ ire a theo ry of how a stu d ent forms a bstrac ti ons , how

he learns , and when he is apt to be most receptive to advice.

U n f o r t u n a te ly , few , if any, existing psychological theories are precise

enough to suggest anything more than caution. The requirements that evolve

f rom coac hi ng systems shoul d p rov ide us e f u l  forc ing f u n c t ions for fu ture

I 
cognitive theories . In addition , the coaching systems themselves should be

good test environments for such theories.

I 
Diagnostic Mode1in~

Since the student is primarily engaged in a gaming or problem—solving

I activity, any explicit diagnosing of a student’ s strengths and weaknesses

must be unobtrusive or subservient to his main a ctivity. This means tha t

I the diagnostic component cannot use prestored tests or pose a lot of’

diagnostic questions to the studert. Instead , t he com pu te r  coach mu st

I 
restrict itself mainly to inferring a student’ s shortcomings from whatever

he does in the context of playing the game or z~olving the problem. This

can be a difficult problem. Just because a student does not use a certain

I skill while playing a game does not mean that he does not know tha t skill.

For exam p le , an opponent may never have create i a situation that required

him to invoke it. Although this point seems quite obvious , it poses a
serious diagnostic problem: The absence of a manifested skill carries

I diagnostic value if and only if an expert in an equivalent situation would

have used tha t skill . Hence , a par t from the ou tr igh t er rors , the ma in

I 
window a computer—based Coach has to a student’ s m isconce pti ons is t hrough
a “differential” modeling technique that compares what the student is doing

w ith what  the expert would be doing In his place. This “difference ” mus t

I prov ide l~ypotheses about what the studen t does not know or has not yet

mastered .

I The process of’ constructing a differential model requires two tasks —-
both of wh ich use a computer—based Expert ,(~~ hut for d ifferent purposes.

I The first task is evaluating the quality of the student’ s cu~rer.t action or

(3 )  From here on , the term Expert will be used to refer to the simulation
of an expert player in the computer.

_ _ _ _ _ _ _ _  Lii
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“move ” in relationship to the set of’ possible alternative moves that an

Ex pert might have made in the exact same circumstances . The second task is

determining the underlying skills that went into the selection and

I composition of the student’ s move as wel l  as each of the “better ” moves of
the Expert. In order to accomplish the first task , the Ex pert nee d only

I. use the result of its knowledge and reasoning strategies , which is in the

form of’ better moves . However , for the secon d task , it has to consider the

“pieces” of knowledge Involved in selecting and generating the better

J moves , since the ab sence of one of t hese pieces of knowledge m ight ex p la in
why the student failed to make a better move.

Forms of Domain Exoertise for Coachin&

I The representation of domain expertise in a computer can be in one of

two forms . One form is as a “glass—box ” or art iculate model (Goldstein &

I, Papert , 1977). The model is referred to as “art icula te” because each
problem— solving decision it makes can , in principle , be ex p la ined in terms
that match (at some level of’ abstraction) those of a human

I problem—solver.(4) In contrast to the articulate Expert is the “black—box ”

Expert , wh ich has data structures and processing algorithms that do not

mimic those used by human beings. For example , the circuit simulator

underlying SOPHIE— i (Brown & Burton , 1975) is a black—box Expert , and is

[ use d only to chec k the cons istency of stu dent ’ s hy potheses an d answer some
of his questions . Its mechanisms are never revealed to the student since

they are certainly not the mechanisms the student is expected to acquire .

W ithin the framework of the diagnostic problems faced by the computer

E 
Coach , the glass-box Expert seems to be the most useful since it can be

used both for the evaluation process (by generating optimal moves ) and for

determ ining the skills underlying those moves. Skill determination is

E achieved by looking at the Expert’s problem—solv ing trace for generating a

given move and noting the skills that it used. The glass—box Expert Is

E also useful in the evaluation task because it can generate the space of

a l t e rna t ive “better ” moves and hence determine the rank ordering of’ the

E given move. Note , however , that since the evaluation process involves

determ ining the complete range of’ alternative behaviors , it requ ires

r substant ially more computation and robustness than simply assessing the

skills underlying any one particular move.

II (4) The BUGGY (Brown & Burton , 197U), WUMP U S (See Golds te in ’s a r t i c l e  in

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
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Since the implementation of a black—box Expert is not coflstra ifl~~1 I

human—like algorithms , it potentially can be considerably more effi~~ieflt

and , t h e r e f o r e , more useful for evaluation of a student’ s move . However ,

the skills it uses to generate an optimal move are not analrgous to the

s tuden t ’ s, so it can not be directly used for the skill determination task .

J This raises the possibility of combining an efficient and robust black—box

Expert for evaluation with a less efficient glass—box Expert tor skill

~ determination .

Computational efficiency is not the only reason for developing the

interplay of these two forms of expertise. The black-box Expert used for

evaluation need only be augmented with those incomolete pieces of an

articulate Expert which are needed to detect critical or tutorable features

of the answers produced by the black—box Expert. The glass—box Expert need

not be able to produce the complete solution itself. It needs only to

w or k backwar d s from the so lu t ion to de te rm in e th e “important” (tutorial)

features of the solution. This realization opens up the possibility of

constructing coaching systems for domains for which we do not have complete

• glass—box expertise.

It is possible tnat a lot of informal learning occurs through the

combination of tacit expertise (in the form of a black-box) with incomplete

but articulate pieces of a glass—box Expert. For example , no one has a

com pl ete a r t ic u l a t e  th eory on how to pla y ex per t chess. A l t h o u gh there a re

some exce l len t chess mach ines , they rely on non—human strategies for

achieving their expertise , that is , they are black—box experts. There are

also handbooks of’ chess principles which reflect pieces of articulate

knowledge about opening moves , end game tactics , etc. A chess coaching

system could take advantage of ’ the black-box Expert to identify critical

moves an d use pieces of incom p le te bu t a rt icu la te knowle dge to par t iall y
explain why the move was critical and how it might have been detected .

People also appear to learn natural language through a similar interaction.

A com p le te , articulate theory of English does not exist. People do ,

however , mana ge to become f l uen t in En gl ish by r ece iv ing fee db ac k from many
“black—box experts ” — other people who speak it. To help in the critiquing

task , there  are incom p lete a r t icu la te pi eces of k~.owledge , suc h as

— subject—verb agreement. That is , in addition to getting black—box feedback

th is issue) and GUI&ON (See Clancey ’s ar t icle  in thi s issue) s y s t e m s  are

E based on articulate experts , as are many production rule based experts.
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I
of the form “that’ s not grammatical ,” which could mean dlmost anyth ing ,

I people also get glass—box rules such as “Don ’t s’y ‘they is .’ say ‘ they
are ,’ because you must have subject— verb agreement .”(S)

I The modeling techn ique discus~’ei In this paper employs a black -box

Expert in conjunction w ith a set of local glass—box Expert s . Briefly, the

I. 
black—box Expert is used t o  determine the range of possible moves the

student could have made , and the glass—box chunks of expertise determine

I 
possible causes for the less than optimal behavior of the student. As

such , we hope this techn ique might also be useful in providing insights

int o how to transform various black—box Experts tha t currently exist (such

J as the symbolic integration capabilities of MACSYMA) into interesting ,

educational systems .~~h)

I Tutoring by Issue ~rd EXamDI.e —— A General Paradiz.m

To be played well , any game complex enough to be interesti.ig requires

many different skills. From the point of’ view of a coach , this is an

important fac t because it means that when a student does not perform well

in a particular situation , i t  is not necessarily clear what skill he is

— 
lacking. The difficulty of determining which skill is  being misused is

I Increased by the fact tha t much of the evidence that the Coach has is

indire ct. That is , the Coach only knows that the student did nQ~. ma ke a
better move. From this negative information , he must determine why not.

a.
(Contrast this with a situation confronting BUGGY in which a bug in a kid’ s

subtraction procedure will have symptoms .)

Overv iew

1. The paradigm of “Issues and Examples ” was d evelo ped to foc us -~

coac hing system on relevant portions of student behavior and t o  p r o v i d e  a n

ov erall coherence (goal) to the Coach’ s comments. The important aspects f
the domain —— that is , the skills and concepts the student is expected to

(5) In this case , it might seem that the black—box Expert plays no
significant role since the pieces of articulate knowledge used to critique
the sentence could also be used to perform the role of the black—bo x;r n amel y ,  reject the sentence as being ungraLamatical. However , the black—box
Ex pert also uses tacit knowledge to analyze the sentence in order to
isola t~ structural elements (e.g., nouns , verbs) which are required for the
art iculate mini—theories or principles . We all know the subject—verb
agreement rule and are very skilled at recognizing nouns in sentences , but
y
~ry few of us can articulate a precise definition of’ a noun .
(b) The technique might also be useful when there exists a complete
glass— box Expert that can not do the problem in “all” ways. For those
doma ins it cannot be assumed that the student Is in fact ~,urk ing the same

[ way as the expert.
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master —— are identified as a collection of “Issues” . Th e Issues determine

what parts of the student’ s behav ior are monitored by the Coach. Each

Issue represents an articulate mini—t heory (a piece of a glass—box Expert )

concern ing the structure of’ the domain. It is characterized by two

procedures . The first watches the student’ s behav ior for  ev ide nce t hat  th e

stu dent does or does not use its particular concept or skill. As such , it

is called an Issue Recognizer. The Recognizers are used to construct a

“model” of the s t u d e n t ’ s behav ior. The second procedure for an Issue knows

how to use var ious parts of’ the student model to decide If the student is

“weak” in that Issue. It is called an Issue Evaluator. Thus each Issue

has assoc iate d wit h it both a Reco gn izer an d an Ev a lua tor as proce dura l
spec ial is t s .

A t any po in t  in the game , the hy po theses conce rn ing t he weakness es of
the stu d ent can be dete rm ined by runn ing all of t he Issue E v a l u a t o r s  on th e
model. When the studen t makes a “poor ” move , his weaknesses are compared

wi th t he Issues necessary to ma ke be t t e r  mov es in or der to t r y  to accoun t
for why he did not make a better move. That is , the Coa ch looks for  an

Issue in wh ich the st udent is lac ki ng an d wh ich is re qu ired for  the
Expert’ s better moves . Once an l~ sue has been determined , t he Coach can
pres ent an ex p l ana t ion of t ha t I ssue toge ther  w it h a b e t t e r  m ove th at

*
i llustrates the Issue . In this way , t he stu d ent can see the usef u l n e s s of

L the  Iss ue at a time wh en he w i ll be most r ece pti ve to the ide a p resen ted  ——
imm edi ate ly a f t e r  he has a t t e m p ted a p rob lem whose so lut ion re qu ires the
Issue.

Figure 1 is a diagram of the modeling/tutorial process underlying the

Issues and Examples paradigm . Figure la presents the process of

construct ing a model of the student’s behavior. The model is a summary of

the student’ s performance wh ile solving a series of problems (in this case ,

moves in a game). Each time the student makes a move , the important

aspects of his behavior (the Issues) are abstracted by the Recognizers.

This abstracting is also done over the behavior of a computer—based Expert

in the same environment by the 3~a.me Recogn izers . The two abstractions are

E 
compared to provide a differential mpdel of the student’ s behav ior , wh ich

indicates those Issues on which the student is weak . We reiterate that

without the Expert it is not possible to determine whether the student is

E weak in some skill , or whethe r the skill has not been used because the need

for it has arisen infrequently in the student’ s ex peri ence .

. 1

~ 11
I~ ~~~~~~~~~ --~~~~~-- ~~~~~~~~~~~~~~~~~~
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Figure lb presents the top level of the Coaching process. When the

student makes a less than optimal mov e (as determined by comparing his move

with that of’ the Expert) , the Coach uses the Evaluat ion component of each

Issue to create a list of Issues on which the student is weak . From the

Ex pert’ s l ist of be t t e r  mov es , the Coach invokes the Issue Recognizers to

determine which issues are illustrated by better moves. From these two

lists (the “weak” Issues and the “better mov e” Issues), the Coach selects

an Issue and a good move tha t  il l u s t r a t e s  it , (I.e ., creates an exam ple of
I t )  an d dec ides on the bas is of oth er tu to r ing pr inc ip les whe ther or not to
interrupt .(7) If’ the Coach decides to interrupt , the  se lec ted Issue an d

Example are then passed to the explanation generators , which produce the

feedback to the student .

1. THE GAMING SITUATION

J “How the West was Won ” (WEST) is a computer board game that was

originally designed at Project PLATO(8) to give students drill and practice

in arithmetic. The board (see Figure 2) is 70 spaces long. In a turn ,

each p layer  rece ives three  num bers (f rom spi nner s ) , wh ich must be use d in

an arithmetic expression (using the operations addition , su bt r ac t ion ,

m u l t ip licat ion , and division). The value of the expression is he number

of spaces the student is moved along the board. The object of the game is

to be the first player to land exactly on 70. To make the student’ s task

more compl icate d than just mak ing the bigg est num ber , t he re  are severa l

kind s of special moves. Towns occur every ten spaces. If you land on one ,

you advance to the next one. There are also shortcuts. If ’ you lan d on one
of these , you advance to the other end of the shortcut.(9) And if you land

on the space your opponent  is occu py in g , he is b um ped back two towns ,

unless he is on a town . The spinner values in WEST are kept small , so tha t

spec ial moves will often be better (get one further ahead) than making the

biggest number .(lO)

( 7 )  If’ there are no Issues in common between the two lists the reason for
the studen t’ s problem lies outside of the collection 0F Issues , an d the
Coach says nothing .
( 8 )  The PLATO game was designed by Bonnie Anderson in Dr. Robert Davis ’s
~l~ mentary Mathemat ic Project (Dugda~e and Kibbey 1977).
( 9)  In Figure 2, Spaces 5, 25 , and Il~l are the be4tnning of shortcuts.(10) The rules assumed in this paper are the ons~ used on the PLATO system
as of’ 1975 . Our coach system , WEST , allows the student to change many of
the rules . For example , the board length the distance between towns the
location and number of shortcuts , an~ the set of legal arit~tmet icoperations can all be changed and the coaching system will continue to
work. In add ition the number of spinners can be changed , but we have not
bu ilt an Expert tor such . Changing the rules gives students the

-9-



I
Figure 2 shows a board situation that illustrates some of the

I complexities of tutoring , even in this simple game. The student is at 3° ,

his opponent is at 39 , ( 11 ) an d w i th  h is sp inners  (2 , 1 , 2) , the  stu d en t

I makes the expression 2+1x2 , resulting in a move of’ 11 . Cons ider th e
a l t e rna t ive mov es the stud ent  could have made: he coul d have move d 1 and

I bumped his opponent ; he could have moved 2 and landed on a town; he could

have mov ed 6 and taken a shortcut. What possible reasons may underlie this

subopt imal move?

_ _ _ _ _ _ _  
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I
I oppor tun i ty  to see the r e l a t i onsh ip  between the rules  and the “fee l i ng ” of ’

~he game.
11) WEST is typ ic a l ly  used by one s tudent  p lay ing  against  the computer ’s
xpe r t .  It is also possible for two s tudents  to play against  each other ,

in which case d i ffe r e n t i al  models are cons t ruc ted  for each s tudent , thereby
enabling coaching for both p layers .

-l0-



The Issues in WEST

I In the Issues and Examples paradigm , the I ssues  em bod y the im po r t a n t
concepts underlying a student’s behav ior and def ine the space of concepts
the Coach can address. In WEST , there are three levels of’ Issues that a

Coach can focus on. At the lowest level are the basic mathematioa l skills

that the student is practicing . In the ourrent system these include the

use of’ PARENTHESES , the use of var ious arithi~etic operations such as

I 
SUBTRACTION and DIVISION , and the form of the student’ s move as an
express ion (PATTERN).

The second level concerns the skills needed to play WEST . The Issues

j at this level are: the special moves of BUMP , TOWN , and SHORTCUT; the

di r ec t ion of a mov e ( f o r  exam p le , both F O R W A R D  and BACKWARD are lega l ) ;
an d t he develo pment  of a STRATEGY for  choos ing a move , such as maximizing

the distance you are ahead of your opponent.

At the third level are the general skills of’ game—playing. One such

general skill Is the strategy of watching your opponent in order to learn

from his moves. Another is the effect that different rules of the game have

on determin Ing the best strategy.(12)

Each of these Issue s Is re presente d In two par ts: a Reco gn izer an d a n
Eval uator. The Recognizers are data— driven from the local context of the

stu de n t ’ s and the Expert’ s moves. The Evaluators are goal directed (what

are the student’ s weaknesses?). Tt’e Issue Recognizers of WEST are fairly

straightforward , but are , nev er the l ess , more complex than simple pattern

i matchers. For example , the Recognizer for the PARENTHESIS Issue must

• determine not only whether or not parentheses are present in the student’ s

move (a l ex ical check of the express ion un der ly ing h is mov e ) but als o
1. whet her they were necessary (wh ch requ ires pars ing the ex press ion)  or i f

they were necessary in the optimal mov e (which requires parsing the

J expert’ s behavior).

For the si t u a t ion shown In F igure 2, the fol low ing Iss ues are invo lve d

I in better moves: Moving 1 entails knowing about the BUMP rule and using

SUBTRACTION or DIVISION.( 13) Moving 2 entails DIVISION , know ing a bout

TOWNS , and knowing that the order of’ numbers in the expression does not

( 1 2 )  At present  the coaching sys tem does not address these directly.

I ( 13 )  The student could , of course move 1 w ithout being aware that it will
lead to a bum p. One ramification of’ inadvertent moves is that the Model
will conta in some “no ise ” . Noise will be discussed in the section on
Modeling Methodology.

H’ . . . 
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Tutor ial. Considerations

j  Even when relevant Issues and Examples have been identified , It may be

inappropriate to tutor. This is determined by invoking various tutoring

strate gies. Figure 3 shows traces of the Coach’ s tutorial decisions during

the interaction shown in Figure 2. One example is the decision about which

of the competing Issues to choose. If there are two Issues , both

applicable to a certain situation , which should be picked? This is where a

“sy l l a bus ” (Goldstein , 1977) might be useful to provide relative orderings

of importance or prerequisite links over the space of Issues. However , the

Issues in WEST are sufficiently independent that there is little need to

J consider the prerequisite structure. Instaad additional tutoring

principles must be invoked to decide which one of’ the set of applicable

Issues should be used .
- We have experimented with two alternative principles for guiding this

s.je
~
,’js ion t h u s  far. The first is the Focus strategy, wh i c h ensures  t h a t  i f

• ‘ eve ’rything else is e q u a l , the Issue is chosen that was mo st recently

discussed; that is , have the Coach hammer away on a particular Issue until

• it is mastered . The alternative prin cip le is the Breadth strategy , which

ensures that if everything else is equal , an Issue is selected tha t has not

recently been discussed. This strategy minimizes the chance that a student

gets bored by hearing too much about one Issue . A simple agenda mechan ism

enables experimentation with a range of mixed strategies lying between

either a pure Breadth or Focus strategy. (1~~) The default is the Breadth

strategy, because it prevents one of two Interd epende nt Issues from

blocking the other. Strategies for manipulating the agenda mechanism

provide only one source of guidance for the tutor, Additional tutoring

principles will he examined in the next main section.

Ex m lanat ion

Once the dec ision has been made to tutor on a particular Issue with a

par t ic u l a r  Exam p le , t he Coac h sti ll  has to dec ide how t o ex press the Is sue
to the student. Th is is the exp ’.an ation problem. It is in general very

(14) The agenda mechanism is Implemented as a priority list , along with
procedures for reordering it . When two Issues are possible , the one that
occurs first on the list is chosen . The “focus” strategy moves a selected
Issue to the front of’ the list , ma king it more likely to be chosen again ,
and the “breadth” strategy moves the selected issue further down the list.
Since this list can be partitioned Into subli3t3 , it is straightforward to
have one strategy man ipulate the sublist~ and another to manipulate the
elements within a sublist.: i:
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I
d ifficult. In addition to saying the t h i n g s  the s tuden t  does not know ,

I conversational postulates dictate that things the student knows already

should ,~~j,. be sa id,  (See Clancey ’s a r t i c l e  for more of a di scuss ion on

L:~ I th i s  p o i n t . )  In de s ign ing  WEST , we have concent ra ted  on the stu d e n t
model ing  task and the task of d e t e r m i n i n g  when to break in , and ha ve

I progressed very  l i t t l e  on the e x p l a n a t i o n  problem .  C u r r e n t l y ,  the
explanations are stored in a procedure attached to each Issue , called a

I Speaker. Each Speaker is responsible for presenting a few lines of’ text

explaining its Issue . At present , th e Speakers work by ran domly select ing
prestored comments. Several improvements should be made to the Speakers.

For exam ple , the explanat ion should be able to handle multiple Issues. It
may be very difficult to distinguish between two Issues , and having a

I Speaker that can assimilate both Into one succinct comment conveniently

sid e steps the nee d to d if f e r e n t iate betwe en them . For exam ple , th e Issues
of SUBTRACTION and mov ing BACKWARD S often occur together and it is

therefore difficult to separate the two .

I Uses of Issues

Wh i le the Issues were  or iginally conceived of for guiding the

I critiquing component of’ the system , they hav e proven to have other

t u to r ial uses in our syste m . One example is when the student asks for help

I while considering what move to make . If the best move involves an Issue on

wh ich the stu d ent is weak , the “hint” can str ess tha t Is sue . Our

I mot iv at ion here is tha t  the  Issue may be the cr iti cal pi ece of info rma t ion
for the student to see how he could make the good move , an d hence the h int
should put em phasis on it.

Issues are also useful in determining when to give the student

positive enaoura~ ement, thus keeping him from viewing the coach as being] only crItical. Our current Encouragement strategy directs the Coach to

congratulate the student on his good move whenever it is the optimal move

that demonstrates an Issue on which the student is weak. However , as we
expla in next , no one s t ra tegy  determ ines what  the Coach w il l  do because

I different strategies may set up competing goals.

2, PEDAGOGICAL STRATEGIES

There are many pr inciples that spell the difference between success

and d isaster in a computer—based gaming—plus—co aching environment for

E ‘ — 1 4 —
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I
informal learning. Over the last few years , we hav e had a chance to

I experiment with WEST and modify it in response to various subtle and

not—so— subtle difficulties that we have encountered . In this section we

I will discuss some of the principles that we found important to embed in our

system and identify those which have general applicability to informal

I 
learn ing situations . For the purposes of our discussion , we w il l
distinguish two types of principles —- those for structuring the gaming

env ironment itself and those for guiding the Coach within the environment.

I Although much of what we have discovered concerns explicit learning

env ironments , we bel ieve t hat many of these pr inc ip les are also of
impor tance  in des ign ing other  “friendly ” man— machine systems where the feel

or am biance of’ the total environment (including peripheral assistance or

I tutoring) is crucial.

Philosoohy

1 Before discussing these principles , let us br ie f l y  summar ize t he
philosophical underpinnings of a coaching environment. In these

env ironments  i t is best for the s tudent  to di scover fo r h imself  as much of
the structure of’ a situation as possible.(15) Every time the Coach tells

[ the stu den t someth ing,  it is robbing him of the opportunity to discover it

for himself’. Many human tutors Interrupt far too often , g ene ra l ly  because
of a lac k of t ime or pat ience , and they may be prevent ing the d evelo pmen t

in their students of’ important cognitive skills —— the cognitive skills

that allow students to detect and use of their own errors.

However , there are times when interference with the student’ s

— 
discovery process is called for. In gaming situations , an un tu tore d

J (unwatched) student may fixate on a subset of’ the available moves and hence

m iss the potential richness of the game. In WEST , for example , a s tuden t

may adopt the strategy of adding the first two spinners and multiplying the

resu lt by the third spinner , (A+B)’c. Since the third spinner tends to be

largest , this strategy is close to the strategy of multiplying the largest

number by the sum of the other two numbers (which produces the largest

possible result). A student can remain at this plateau indefinitely

without perceiving the failings of his strategy . But notice how much of

the structure of the game is being missed. The student is unaware of’

( 15 )  This is not to say that structured material (e.g., textbooks) should
not have a role in formal education or that guided discovery learning is
the only way to learnt

il L: 
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spec ial moves , such as bumps , and therefore of such quest ions as , “Is it

bet te r  to send my opponent  back l~t or get 9 ahead of him?” Since his

strategy requires no search to determine a move , the student misses the

whole no tion of strategy as a method for deciding between alternative

moves . From the point of view of practicing arithmetic , he i s pe r f o r m ing
one calculat ion per move instead of the dozens of mental calculations he

woul d have to perform to answer questions such as , “Wha t numbers can I form

w ith these spinners?” or “Can I make a 15 with 9, 10 , an d 6?” By

interSecting comments and suggesting better moves to the students , a Coach

can greatly ex pand the student’s involvement in the environment.

The top—level goal driving the Coach is to ensure that its comments

are both relevant and memorable. The Issues and Examples tutoring strategy

provides a framework for meeting these two constraints. The Issues are

used in the diagnostic process to identify at any particular moment what is

relevant. The Exam ples provide concrete inst.anoes of these abstract

concepts . Prov iding both the description of the generic Issue (a concept)

as well as a concrete example of it increases the chance that the stt’dent

w ill integrate this piece of tutorial commentary into his knowledge.

The Issue that is raised must be one in which the student is , in f’act ,

[ hav ing a problem , lest the adv ice be ignored or meet with hostility.

Pr inciple 1: Before giving advice , be sure the Issue used is one
in which the student is weak.

S

The primary ramification of’ this principle is in how the Evaluators use the

student model. As will be discussed in the next section , t here is “no ise ”
a.

inherent in the model. The Evaluators for each Issue must allow for this

and be “ co n s e r v a t i v e ” . A nother  r a m i f i c a t i o n  of th i s  p r i n c i p l e  is t h a t  t h e
system should be cautious on tutoring an Issue tha t the student has

- - recently been advised on.

a. Even tf’ the diagnostic process can guarantee the weakness of an lssue

at a g iven mom en t , the absence of a good Example of that Issue should

prevent the Coach from breaking in. Thus one of the tutoring principles

for enhanc ing a student’ s l ikeliness to remember what is said must

determ ine what a “good example ” is:

Principle 2: When illustrating an Issue , only use an Example (anJ alternative move) in which the result or outcome of that move is
dramatically super ior to the move made by the student.

_ _ _ _ _ _ _ _  L
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Ano ther basic principle that increases the chance of remembering the

I criticism of the Coach is to have the student episodically encode the

example.

Pr inciple 3: After giving the student advice , perm it him to
incor pora te  the Issue immed iate ly  by a l low ing h im to reta ke h is

I 
turn .

This principle not only provides him the opportunity to observe the results

I 
of ma king a new mov e based on this Issue but is also apt to decrease his

antagon ism to the advice.

The final principle of’ this category presupposes that the student is a

bit competitive and that he is less receptive to advice when he is about to

lose (even if he incorporated the advice when retaking his turn).

Principle ~t : If’ a student is about to lose , only interrupt and
tutor him with moves that will keep him from losing .

r Interest

In an informal  learn ing sit u a t ion , the student’ s in te res t  stems
a. primarily from the situation itself’. A student plays a game because he

enjoys It. Hence , one of the most Important constraints of the Coach is

• 
not to destroy the student’ s inherent interest in the game by butting in

too often. It would be much easier to implement a Coach that broke in

whenever the student made a suboptimal move and told the student the better

move. Bu t faced with such a tutoring strategy , the student would quickly

lose all interest in playing the game -— especially if he were a poor

player who could profit from judicious advice. Below are some of the
- principles incorporated into WEST to prevent it from being oppressive. The

1. first two principles are the most obvious:

Pr inciple 5: Do not tutor on two consecutive moves , no ma t ter
1. what.

Principle 6:  Do not tutor before the student has a chance to
- discover the game for himself’.

When a new student first sits down to play the game or when a student who

has not played in a while returns to the game , he will take some time to

fam iliarize himself with its mechanics. He will be using cognitive

resources to figure out , for example , how to type in an expression. It is

I - unreasonable to expect him to perform at his best when it comes to actually

choosing a move before he feels fairly comfortable with the mechanics of’

L the game .

2 -ii-
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Pr inciple 7: Do not provide only criticism when the Tutor breaks
m l  If the student makes an exceptional move , iden t i fy  why i t is
good and congratulate him.

In WEST th is is done whenever a FAIR player makes an optimal move or

I whenever a player makes an optimal move that uses an Issue in which he is

weak. Note the various uses of’ the Expert just to carry out this one

I principle.

Th is nex t principle has appeared before In a slightly different form ,

I Pr inc ip le 8: Af ter gi v ing adv ice to t he s tudent , o f f e r  h im a
chance to re take  h is turn , but do not force him to.

J If the student can use the Tutor ’s advice to improve his position in the

game , he may be more atten ti ve , but he should be given a chance to refuse

I to r e t ake  hi s tu rn , since he may cons ide r a r e t ake  to be a su bt le  form of
cheating.(16)

Increasing the Chances of Learning

The nex t two p r inc ip les were des igned to increase the chances of
learn ing from the gaming environment independent of the Coach’s comments on
the progress of the game.

Pr inciple 9: Always have the Computer Expert play an optimal game .

E The student should be able to observe and learn from the best possible play

of’ his opponent (typically the computer) . One of’ the best metaskills tha t

a stu dent can learn from WEST (or any game) is to wa tch what  your opp onent
is doing , especially if you are losing. To maximize the chance of the

studen t seeing the value of this heuristic , he should a lways have a chance

E to observe expert play. Also , if the student realizes that the computer is

not playing the best possible game , he may feel that  he is being playe d

I down to and consequently lose interest in playing .

Principle 10: If the student asks for help, provide several levels

E of hints.

In WEST there are four leve ls of help. The first request for help causes

( the Coach to look at the student model for his current weaknesses. If’ a

weakness is found in a skill that is required for an optimal move at this

L point in the game , the studen t is told to consider that Issue. For

(16) If WEST is being used in the mode where two students are playing
against each other , the ab ility to retake turns after advice is turned off.

I 
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1
exam ple , if the student is weak on the PARENTHESES issue and the optimal

move for this turn requires parentheses , the student will be told “Why

don ’t you try to use parentheses to change the order in which operations

are done .” The second request for help on the same move provides the

student with the set of possible outcomes . For the third request , the Coac h

w ill selec t the outcome that it considers best. The fourth request causes

the Coach to give the student an arithmetic expression that brings about

the best outcome. Thus , the four successive levels of hints are based on

the following rules:
-

‘ ,. 
Hint 1: Isolate a weakness and directly address that weakness.

H int 2 ( w h a t ) :  Del ineate  what the space of poss ible moves is at
this point in the game .

Hint 3 (why): Select the optimal move and tell him why it’s
optimal.

H int  1~ (how): Descr ibe how to make that optimal move.

Env ironmental Considerations

-. - Wh ile most of the interest in a gaming environment is derived from the

game it se l f , many thIngs  can be done to the env ironment  to make it mo re
interesting. Graphics is a prime example. Playing against the computer is

another. (Many CAl games have surv ived solely on the basis of these two

considerations.) In this section we discuss some more subtle

considerations that WEST employs. The next principle attempts to keep the

student from getting discouraged .

Principle 11 : If the student is losing consistently, adjus t  the
level of play .

Notice that this principle conflicts with an earlier principle of always

hav ing the computer play an optimal game so that the student will have a

model of expert play. For games in which there are several levels of

structure to the play , suc h as chess , it may be better for the student to

have a rol~~~~~del (hence opponent) which is only slightly above his level.

T1T~~ 
gill tend to keep the games close while still providing examples of’

better moves. Our solution of this conflict is to give the computer bad

spinners when it is ahead by a amount that varies with the quality of the

player.

La Principle 12: If’ the student makes a potentially careless error
be forgiving. But provide explicit commentary in case it was no~just carelejs.
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I
The system should be friendly about a student’ s error t hat m ay be from

I m isinter pret ing the ru les  of the game or from m isty pi ng a move.  On suc h

errors , the system shoul d not on ly  a l low the stud en t to correc t his mi sta ke
but , if a general rule of’ the game has been violated , it should draw

atten tion to the rule and provide specific instances of it that are legal.

-. For exam p le , t he WEST system has com pi led into it d iagnost ic rou ti nes for

• many typical errors that a student is apt to make (such as precedence

er rors ~r ar i thmet ic and gi v ing as t he va lue  of h is ex press ion t he en d

position of the move).

5 Al though the twelve principles listed here are compiled into our

system , i t is our ho pe tha t  at som e f u t u r e  ti me t hese pr inc ip les ca n be
Fl • 

directly interpreted from a declarativ e r~-oresentation of them. Such a

representation could provide a meta—environment in which student teachers

coul d mo di f y and ex t e n d t he ru les  an d w it ness t he e f f e c t s  on stu den ts. In

WEST , a small advance along this dimension has been made by enabling the

Coach to ar tic u l a t e  a ll the p ros a nd con s of wha t it shoul d do nex t . O f

- course , t he Coach ’ s cog it a t ion is not par t  of wha t a p layer  sees as he is
playing the game but instead is displayed on second “screen ” (see Figure

3). This trace of the Coach’ s behavior provides a graphic IllustratIon of

how many of’ the above principles interact to produce some very subtle
* 

tutor ial behavior.

3. ANALYSIS OF MODELING METHODOLOG Y

Thus far we have provided a glimpse into the underlying principles of

• our coaching system as well as a simplified description of how a

differential diagnostic model can be inferred from a student’ s behavior.

It should now be clear how important the diagnostic model is to the

successful execut ion of the top— level Issues and Examples coaching

j paradigm . Consequently, we feel it is important to examine some of the
- lim itat ions and un der ly ing pro b lems of th is scheme t hat hav e not yet  been

d iscussed . We will begin with a more formal examination of the modelin g

process .

The inputs to the Modeler are the student’ s move an d the set of be t t e r
moves that the student could have made. Each of these moves has associated

with it a set of requisite “Issues ,” which must be employed (in some

1. manner) to obtain that move. For example , if the  move M was to go back 2

spaces to land on a shortcut , the Issues of’ SHORTCUT , SUBTRACTION and

L
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I
BACKWARD are all required . From the student move , the Modeler can infer

I that the student knows the Issues needed for that move. (17)

What  can be gleaned from know ing the set of be t te r  moves t ha t  t he

I 
stu dent  d id ~~~~~~~~ take? In gen eral , for each bet ter move M , we on ly  know

t h a t  at least 
~~~ of’ the set of Issues required for M was not employed and

therefore reflects a potential weakness on the part of the student. But

how do we know wh ich of these Issues blocked the student from making that

move? This is what we refer to as the “apportionment of blame /credit”

I p ro b lem:  How shoul d the Modeler a pport ion b lame amon g t he re qu isite Issues
for the student’ s fa i l u re  to di scover a move?

Our solut ion in WEST has been to apportion blame more or less equally

among all of the Issues required for the missed better moves.(18) One

e f f e c t  of th is dec ision is the in t r o duct ion of incorrec t  in f o r m a t ion or
“no ise ” into the model. That is , blame will almost certainly be

apportioned to Issues that are in fact understood .

I Hav ing to ove rcom e th is source of no ise is an exce l l en t  example  of how
diagnosing a student in a problem—solving situation in which the student is

in t o t a l  control is inherently more problematic than the standard

m ixed— initiative Instructional system. In mixed—initiative systems , the

I Modeler  can a lways  cons t ruc t  a di f f e r e n t ial hypo thes is from th is source of
am big u it y ,  pose a task to the stu d ent , and see what he does. Because it

I 
can cr eate a sequence o f such tasks , each one eliminating contending

hy potheses , the Modeler  can conver ge on the ac tua l  a f f l ict ing weaknesses .
However , such i n t r u s i o ns by the Modeler  in to  the gaming  or p r o b l e m — s o l v i n g

I ma tri x could des t roy  the concen t ra t ion an d goal d lrec te dness of the s tuden t

-— creating an antidote potentially more destructive than the raison—d’etre

“ for a student model in the first place.

The simplified view of a student’ s mov e as a set of issues tha t
somehow underl ies the generation of’ the move suggests several other areas

of concern in the modeling process . Since the system does not have a

I (17) Even this cannot be inferred if there is more than one way to derive
the move and the “Issues” deal with derivational rules . In WEST , the
Issues are all th ings that uniquely underlie or are manif est in a move.
(18) In case the Modeler has more than one move that is better than the one

I the st.udent made , it would be possible to find the intersection of the
Issues requ ired for each move. Unfortunately the student is , in general ,
weak on more than one Issue , so th i s  inter sec~ Ion will o f t en  be empty ,
mean ing that at least two of’ the better moves were blocked for independent

I reasons . Since the eva lua to rs  have to work w i t h  noise in any case , we d id
• not include this noise reduction heuristic. It has not proven to be a

d ifficulty . The Coach does use this strategy when selecting an Issue. If
one Issue is needed for all better moves , it is selected as the one most
l ike ly  to have been mis sed .

il
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I
com plete glass—box Expert , (does not account f’or the entire process tha t a

I person would use to derive the move) the set of Issues does not necessarily

account for everyth ing required to derive the move. This opens up the

I poss ib il ity t ha t  t he u n d e r l y ing reason the stu den t did n ’t make a move may
not be one of the kn own Issues  a t al l , but might instead be some other

[ skill that has not been articulated as an issue.(19) Any incompleteness in

the set of Issues results in more noise in the differential student model.

An addi t ional source  of no ise in the model is tha t s t u d e n t s are sel d om

I completely consistent. They often forget to use techniques that they know

or get tired and accept a move that is easy to generate.

I Another source of’ noise is learning. As the student plays the game ,

we ho pe he w i ll  be acqu i r ing new ski l ls  tha t  p rev ious ly  would  have shown u p

[ as weaknesses .  Even a f t e r  a s tuden t  learns  an Issue , his model will

cont inue to show the weakness that has accumulated over time. Ideally, the

E old pieces of the model should decay with t ime. Unfortunately, the costs

involved in this computation are prohibitive. To avoid this failing of the

1’ model , the WEST Coach removes from consideration any Issues that the

student has used recently (in the last three moves).

To com ba t th e no ise wh ic h ar ises In the mode l , th e E v a l u a t or f o r  each

II Issue is implemented as a separate procedure. This allows individua l

tun ing of the Evaluators in response to perceived failings , in WEST , t h e

I E v a l u a t o r s  use a com par i son of t he “taken fields ” of the model with the

“m issed fields. ” The comparison percentages are adjusted to be high enough

F to y iel d conserva t ive Ev a lua tors. Th is a l l e v ia t es the pr ob lems t.ha t m ig h t

be caused by noise for less conservative techniques. Some coaching

I opportunities may be missed but eventually if the student has a problem

I,. ad dressed by an Issue a pattern will emerge.

- StrateLies vs. Issues

In the scheme discussed above , the Expert. is used to create a list , of

I b e t t e r moves , and t hen the Modeler diagnoses the student’ s wea kness on t he
- 

assumption tha t he di~ not make any of these better moves because he had

f not mastered one of the requisite skills or Issues underlying them. But

I - what  happens  If  the student is employing a strategy different from the

Ex pe r t ’ s? In such cases , the reason a studen t did not make a particu lar

- u9 if the Coach does not have an Issue , it will not break in , because the
student’ s weakness may be beyond its scope . For this reason , the  I s su es
def ine the space of weaknesses the Coach will try to correct.

l.a
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_ _better move might simply be that he did not want to make It. According to

his strategy , his move was the best one possible.

In order to cope with this problem , the Modeler must be able to detect

I when the student is using some other strategy and to characterize precis ely

what this other strategy is. If an executable description of the

alternat ive strategy can be formed , then the Expert can be modified to use

I the new strategy . The Modeler can then reoonstruot the differential

student model on the basis of the modified Expert in order to separate out

what Issues (as opposed to strateg ies) the student is weak on. Each of

these tasks has its own complications . Let us proceed in this discussion

I under the simplifying assumption that the student maintains a consistent .

strategy and a consistent set of weaknesses during the period over which

I the model is being created.(20)

Dia~ nosin& the existence of a ~ossible alternative strate&v

I If a modeling scheme looks at only one mov e of a student , I t  I s
Impossible for It to determine whether the student’ s failure to make

I another move stemmed from a lack of a given skill or from harboring a

su boptimal strategy.(21) However , from a seausnee of student moves it may

be possible to make such a separation. This results from the fact that the

student’ s strategy remains the same over the sequence of moves , where as the

I issues are likely to change from one move to the next.

The techn ique for detecting when a student is using a strategy

d ifferent from the Expert’ s Involves the amount of “tear ” In the student

I model. Briefly, tear is a measure of the consistency of’ use of issues.

Tear starts to develop when several issues begin to reflect both a

I substantial amount of’ use when they should not have been used and non-use

when they should have been. If tear in a model gets large enough , the

I Modeler is willing to expend some effort in conjecturing alternative

strategies that the student might be using. Any alternative strategies can

I then be tested by rerunning the Modeler over the student’ s past moves and

comparing his behavior to that of the Expert using the c o nj e c t u r e d

I 
s t ra tegy .  If’ the resulting model has substantially less tear , then t he

(20 )  A typ i ca l  period is usua l ly  one session of p lay , oons istlng ot a

I oovpje of games . Longer periods require a part itioning or layering of the
~od~ 1 to capture the onange or growth of a student’ s knowledge.(21) Here again , we continue with the assumption that the Modeler La a
watcher and not a manipulator of the environment and hence cannot interrupt
the activity and pose its own task .
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I
conjectured strategy is taken to be a more accurate approximation of the

student’s strategy and is used to form the differential model , if ..ne

resu l t ing model isn ’t substantially more consistent , then th is al te rna t ive
strategy is rejected and other conjectures are tried until all reasonable

conjectures are tested . Of’ course , for this classical “generate and test”

heur istic to work , not only must the Modeler be able to generate reasonable

a l t e r n a t ive s t ra teg ies , but the Expert also must be able to simulate the

strateg ies (the conjectures must be runnable by the Expert) in order to be

able to reconstruct and test the resulting student model.

Conlectur in2 alternative strate2ies

Conjecturing alternative strategies is extremely difficult unless one

has a suf f ic ie n t l y  closed worl d tha t the set of possi ble stra tegi es can be
character ized. This characterization can take the form of either a

genera t ive  mechanism (e.g., a grammar )  tha t syn thes izes the a l t e rna ti v e
strateg ies (Miller & Goldstein , 1 977 , an d also see M i l l e r ’s article in this

issue) , or an explicit enumeration of’ possible alternative strategies . The

world of WEST is sufficiently closed and small enough tnat the latter

technique appears to work .

WEST ’s alternat ive strategies fall into two categories -- those that

are suboptimal because of’ a “mind bug ” about the structure of’ the game and

those tha t r e f l ec t  an a l t e ra t ion in the spi r it or rules of the game . An
example of a “m ind bug ” would occur when a student always tr ies to move as

far ahead as is possible given the particular spinner values —- a nearly

opt imal strategy but one that overlooks the potential value of bumping your

opponent. An example of an alteration of the spirit of’ the game occurs

when the s tudent  is obsessed with bumping his opponent (e.g., because o f
the pretty graph ics effect) and will always bump whenever a chance arises.

Another example that reflects the subtlety of this category is the student

who becomes fixated on getting the Coach to “speak” or interact with him.

This student no longer cares about winning the game but instead becomes

involved in psych ing out the actual teaching strategies embedded in the

system -— an extre.ely interesting “metagame ” . It should be remembere d

that the Coach is very conservative and will not break into the student’ s
‘ 

E 
game unless there is a consistent pattern of poor behavior that the Coach

can address. If the student is doing someth ing comple te ly  “off the wall ”

it is unlikely that the Coach wil l break in.
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Once a grammar or an expl icit list of alternative strategies is

I created , one may determ ine the set of alternative strategies tha t a player

may be using by creating a “handle ” or feature recognizer (similar to an

issue recognizer) for each strategy (or grammar rule).(22) Then , as the

Modeler is accruing evidence for perceived student weaknesses on Issues , it

can also be accruing evidence on poss ible a l t e r n a t ive s trateg ies by see ing
which strategy features are present in each move. These features act

solely as a heur istic. They are seldom unique to a given strategy , as

I several alternative strategies are likely to be consistent with any one

move. For example , the strategy of mak ing a maximal number might produce

I the same move a~ the strategy of max imizing the distance ahead of’ your

opponent.

I In summary ,  these strategy features prov ide local evidence about what

alternat ive strategies the studen t may be using. A strategy for which

I 
there is local evidence is then used by the Modeler to construct a new

hypothetical differential model. This new model provides a &lobal check on

the s t r a tegy by determining how much the tear of the differential model has

I been reduced .

I In order to test the diagnostic sensitivity of this technique to

d istinguish actual student weaknesses from alternative student strategies ,

we have constructed var ious automated students (an idea proposed in

I Goldstein , 1977) that play with specific weaknesses ~~~~~~~~ sim u l t a n e o u s l y  w i th
a l t e r n a t i v e  s t ra teg ies . These tests  I n d i c a te  tha t  the t echn i que  jus t

t described is effective for WEST . We fully recognize the limited nature of’

this problem for the WEST “world” and are caut ious in our belief ’ that these

techn iques will suffice for more complex worlds.

~~~. E X P E R I E N C E S  WITH WEST

The basic coaching system was completed in Spring of’ 1975 (Burton &

Brown , 1976). At that time , we ran an informal experiment with 18 student

[ teachers , in which each one used the system fo” at least one hour.

Afterward , each was asked to complete a questionnaire about the Coach’s

E performance. All but one had received advice from the Coach. Nine of the

teachers commented favorably about the Coach’s advice. Two others

- E [22) Such feature recognizers can be quite complex and often require
properties of’ the space of possible moves instead of just the given student
move. For example , one feature might concern whether the move involved the
maximum possible number given the particular spinners.
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1
d isagreed ; one said that the Coach was offering a strategy that he did not

feel he should fo l low because it  woul d leav e h im “v u l n e r a ble to a t t a c k ,” an

element  of s t r a tegy  not known to our current Expert. Eight of ten subjects

I found the comments  hel p fu l  in learn ing a be t t e r  way to p lay the game an d ,

most impor t an t , n ine of ten felt tha t the Coach manifested a &ood

I understanding of their weaknessest One subject commented “I misunderstood

a rule; the computer picked it up in the second game. ”

WEST has also been used in elementary school classrooms. In a

controlle d experiment , the coac hed vers ion of WE ST was com pare d to an
uncoached vers ion. Table 1 gives the distribution of’ mov e patterns for the

coached and uncoached groups. The coached students showed a considerably

greater  var ie ty  of pa t t e r n s, indicating that they had a •uired many of the

[ more subt le  pa t t e r n s  and ha d no t f a l l e n  pe rmanen t ly  into “ru t s ” that

prevented them from seeing the relatively rare occasions when such moves

F were important. Probably the most surprising result from this experiment

was that the students in the coached group enjoyed playing the game

-— considerably more than the uncoached group . This finding was especially

significant , because one of our greatest fears had been that our coaching

• — 
pr inciples were sufficiently ill—developed tha t either the Coach would

in ter pret  too o f t e n , d estroy ing the in h e r e n t  en joymen t of the game or too

- 

seldom , failing to get students out of ruts. We have not yet had the

opportunity to explore why , i n fac t , s tuden t s  seem to pr e f e r  the gam e w ith
- 

the Coach. One interesting hypothesis is that the students using the
- coach ing version were actually engaged in a metagame of “psyching out” the

Coach to get it to speak . If this rather romantic hypothesis turns out to

- be valid , it would open a new arena for convey ing some of the very
I important survival principles for formal education.

LI
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I Table 1.

Compa rison between coached and uncoached
i groups of the percentage of times each
I move pattern was used when it was the

bes t move.
PATTERN Coached Group (%)* Control Group (%~~

(A+B)—C 72 74

I 57 58

I (A*B)~.C 41 46

(A+B)*C 65 44

I A— (B+C) 13 29

I 
A*(B_C) 32 22

(A*B) I C 23 9

I A/(B-C) 25 0

A—(E/C) 14 0

I (A/B)—C 14 0

(A—H)/C 14 0

5 A.(B*C) 13 0

I (A+B) /C 0 0

A/(B*C) 0 0

A/(B+C ) 0 0

A+(B/C) 0 0

I SPECIAL MOVES

Control Group (%)* Coached Group (%)*

1 TOWN: 72 TOWN: 79

BUMP : 18 BUMP : 54

SHORTCUT: 41 SHORTCUT : 54

* X of time pattern was taken and was best.
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